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SOME ENDOCRINE ASPECTS OF SKIN SENSITIZATION
AND PRIMARY IRRITATION*
III. OBSERVATIONS ON THE INFLUENCE OF COLD EXPOSURE AND FORMALIN
TREATMENT (SYSTEMIC STRESS) UPON CUTANEOUS IRRITATION
AND SENSITIZATION
Aic NILZN M.D.f
As has been generally realized, "systemic stress" acts as a stimulant on the
adrenal cortex, and the cortico-adrenal hormones play a part in systemic de-
fense. Such a hormonal effect can be demonstrated inter alia by sensitizing ani-
mals to proteins and subsequently exposing them to cold or to other injurious
factors. The anaphylactic shock is far less severe in previously treated ani-
mals (1—4).
To study the cutaneous response in animals during and after" sytemic stress,"
a number of guinea-pigs were exposed to cold, or to subcutaneous formalin injec-
tions and 2, 4-dinitrochlorobenzene (DNB) was applied in test doses to the skin
of the sensitized animals, while those not sensitized were treated with a primary
irritant, viz. croton oil.
MATERIALS AND METHODS
The animals used in the experiments were female white guinea pigs.
The stress was produced by cold exposure in one series and, in the other series
at the start of the experiment, by subcutaneous injection of 1 ml. 10 per cent
formalin solution. In the first series the animals were caged at 4°C for 6 to 7
hours. They were kept solitary in wire netting boxes and not fed during this
period.
The sensitization was carried out with 30 per cent DNB dissolved in acetone
as previously described (5, 6). In all these animals sensitization was complete
prior to the "stress" experiments.
Croton oil served as primary irritant. In a previous publication, the procedure
of application and recording of skin responses, gross as well as microscopic, was
described (5, 6).
Every animal was tested twice with DNB some time before the exposure to
cold or injection of formalin. The test solutions were applied immediately before
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the institution of stress; the reactions were read at half-hour intervals for 6 to 7
hours and then after 24 hours.
In each group, one animal was killed after the first stress experiment, another
one after the second, and a third animal a few days after the second stress ex-
periment.
The adrenals were secured, weighed, and their lipid contents were estimated
histo-chemically.
The rectal temperature was recorded during the course of the experiments.
TABLE 3
Weight of adrenals in normal and "stressed" guinea-pigs
ANIMAL
NO. BODY WEIGNT
ADRENAL ADRENAL WRXGUT IN MG PER 100 GMBODY WEIOHT
Right Left Right Left
Normal gUlnefl-pig8
1
2
3
4
5
6
7
8
9
10
gm.
523
525
428
452
561
495
490
600
438
468
0.0993
0.1075
0.0802
0.0717
0.1350
0.0968
0.0956
0.1220
0.0957
0.0874
0.1016
0.1120
0.0955
0.0875
0.1560
0.1083
0.1102
0.1318
0.1135
0.0920
18.9
20.5
18.7
15.9
24.1
19.6
19.5
23.3
21.8
18.7
19.4
21.3
22.3
19.4
27.8
21.9
22.5
21.96
25.9
19.6
Means 19.8 22.2
"Stressed" guinea-pigs
1
26
30
31
32
580
420
430
430
510
0.1755
0.1491
0.1285
0.1022
0.1858
0.1865
0.1497
0.1494
0.1323
0.2203
30.2
35.5
27.5
23.7
36.3
30.4
35.6
34.1
30.8
43.2
Means 30.6 34.8
RESULTS
The skin responses to DNB were milder, and the latent period (the interval
between application of the test solution and appearance of the response) was
somewhat longer while the animal2 were under the influence of cold and formalin
respectively (see Tables 1 and 2). A couple of days after exposure, re-testing dis-
closed a considerable increase in skin reactivity even as compared with the results
of tests preceding the stress experiments. Roughly ten days after the stress the
sensitivity of the skin was found once more to decline, the reactions then about
equalling those observed before the stress.
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The adrenals were heavier than in normal animals (see Table 3). The cortex
showed an increase in bulk, and the lipid content was reduced in the animals
killed immediately after termination of the stress experiment. The adrenal cor-
tex was also enlarged in the animals killed a couple of days after the second stress
experiment, but there was no decrease in the lipid content.
In the group treated with croton oil, erythema and edema were less marked.
The incidence of necrosis was the same as prior to the stress experiments. In most
of the animals necrosis was found to appear later than it did before the stress.
However, 2 to 3 days after termination of stress, necrosis was more pronounced
and slower to subside as against the skin changes produced by application of
croton oil prior to stress, or identical lesions in normal animals.
DISCUSSION
For a considerable time fever has been known to act favorably upon certain
diseases, particularly those allergic in type. Experimental as well as clinical ob-
servations furnish convincing evidence as to this point (8--il). In experiments
with animals, Goldman (11) has shown that in sensitized guinea-pigs the epider-
mal response is curbed by artificial pyrexia. Fever undoubtedly can be regarded
as systemic stress, and the results recorded in the present paper also tend to show
that for a short period cutaneous reactivity in guinea-pigs sensitized to DNB is
depressed by a different kind of systemic stress. Presumably this decrease in skin
reactivity is due to adrenal hyperfunction. On the other hand, during stress of
the types used in these experiments, the body temperature is lowered. This might
account for a disturbance of cutaneous absorption, as well as for hematologic
and perhaps even serologic alterations. These may interfere with the allergic
mechanism or its manifestations. It might perhaps be possible to secure more
detailed information as to the role of the adrenals in the processes here under dis-
cussion by performing similar stress experiments with adrenalectomized guinea-
pigs. I have attempted cold and formalin treatment of adrenalectomized guinea-
pigs, but owing to the increased vulnerability of these animals the experiments
could not be completed.
The enhanced skin reactivity observed a few days after formalin and cold
treatment can be interpreted as a depression of cutaneous resistance. Partly at
least, this would seem to be due to adrenal hypofunction, i.e. analogous to the
enhanced skin reactivity noted some time after cortisone treatment. Histo-
chemical examination of the adrenals during stress fails to yield information as
to the adrenal function in a given situation, since a reduced or normal amount of
lipids might mean increased as well as diminished or ordinary activity.
With the evidence obtained so far through research in this field, one cannot
doubt that the cortico-adrenal hormones restrain the ability of the skin to react
to irritating agencies, whether specific or non-specific in character. ACTH and
cortisone (17-hydroxy-il-dehydrocorticosterone) as well as Compound F (17-
hydroxycorticosterone-2l-acetate) administered by injection will to some degree
diminish the inflammatory reaction arising, e.g. if turpentine is injected into, or
an irritant applied to, the skin (5, 7). Likewise, the tuberculin sensitivity is de-
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pressed in subjects sensitive to tuberculin, Arthus' phenomenon is mitigated, as
is the anaphylactoid reaction to egg-white in the rat, the cutaneous inflammation
arising from mosquito bites is milder, etc. (7, 12—20). Exceptions seem to be the
histamine reaction and the immediate wheal reaction to antigens, in that neither
ACTH nor cortisone exercise any influence upon these skin reactions (21, 22).
Goldman has shown that the local injection of Compound F acetate did not in-
fluence the local histamine reaction (26).
It is fairly clear from the evidence available at present, that ACTH and cor-
tisone exercise an antiphlogistic action, and that the inhibitory effect upon the
inflammatory responses is due to this action. Whether immunobiologic reactions
started by the stress also play a role, is hard to appraise in the case of epidermal
hypersensitivity, since a method appropriate for quantitative estimation of
antibodies involved in hypersensitivity to simple chemicals is still lacking. Where
immunologic responses are evoked by proteins or bacteria, the possibility of
cortico-adrenal steroids influencing the course in immunization cannot be ruled
out (19, 23), and therefore an influence on the allergic mechanism does not seem
to be quite impossible.
As indicated above, several workers were unable to show that ACTH or corti-
sone interfere with the immediate wheal response to histamine or allergens. This
is a rather puzzling observation, since cortisone apparently curbs erythematous
and edematous alterations involved by the late response. A possible explanation
might be, that the action of histamine and protein allergens respectively is so
sudden that time is too short for the antiphlogistic activity of the cortico-adrenal
hormones to exercise its influence. As I succeeded in demonstrating with guinea-
pigs (24), cortisone does not act upon the edema which arises in the skin after
thermal injury. Briefly, the technic used in these experiments was as follows.
Heated glass-rods were for measured periods pressed against the skin, and the
interval until edema developed was recorded as was the degree of severity of the
edema and the moment when the latter disappeared. Though large doses of cor-
tisone were administered intramuscularly, either once or repeatedly on several
days, no difference in the responses was to be noted between normal animals and
those treated with cortisone. Similar experiments were carried out by Cope
et at. (25).
CONCLUSION
The modified cutaneous responses demonstrated in the present study, during
and after stress in guinea-pigs sensitized to and tested with DNB, and in those
to which croton oil was applied, are considered to be due to cortico-adrenal
stimulation and are explained by the aritiphiogistic action of the cortico-adrenal
hormones.
SUMMARY
1. Systemic stress in guinea-pigs induced by cold exposure and formalin injec-
tions respectively depresses cutaneous sensitivity to croton oil (a primary irri-
tant) applied to the skin. However, the tendency towards necrosis displayed by
the skin seems to increase 2 to 3 days after termination of stress.
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2. Systemic stress of similar natures decreases the hypersensitivity reaction
to 2, 4-dinitrochlorobenzene. On re-testing some few days after termination of
stress the skin responses are more marked, and when the test is repeated after
about 10 days, the degree of reactivity recorded does not differ from that preced-
ing the stress.
3. The weight of the adrenals and their histo-chemical picture as to lipids
were recorded.
4. The part played by the cortico-adrenal steroids is pointed out, and the
antiphlogistic action of these compounds is considered the most important
inhibitory factor. The results of research which seem to favor this supposition,
as well as those that seem to discourage it, are reviewed.
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